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(54) LASER BEAM MACHINING DEVICE 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of cutting a machining object, 
without developing a crack, deviating from a 
predetermined line for welding or cutting on the surface 
of the machining object, and accurately. 
SOLUTION: Inside the machining object 1, a reforming 
area is formed by radiating a pulse laser beam L onto 
the predetermined line 5 for cutting, under the condition 
of causing multiple photon absorbtion, and making a 
condensing point P agree with the inside of the 
machining object 1. By splitting the machining object 1 
along the predetermined line 5 for cutting making the 
reforming area the starting point, the machining object 1 
can be cut with a comparatively small force. Since in the 
irradiation of the laser beam L, the pulse laser beam L is 
hardly absorbed on the surface 3 of the machining 
object 1, the surface 3 is not melted, caused by the 
formation of the reforming area. By adjusting the 
repetitive firequency of the pulse laser beam L or 
relative moving velocity of the condensing point P of the pulse laser beam L. the pitch of a 
reforming spot is controlled. 
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jttlX'r— 5? i 0 9 ii. l 0 7^mi5^\zMSS.f 

5Y$ft7?[pin:^ij^-y:5fc4i)<DY#X-r-i?i i i i:. ffi 

-2^1 0 9,111,11 z(omi^fmt^:^r'-vm 

»i 1 5^:. ^mso 

[0 0 5 7] tf^Ml 0 1 li/Vl/Xl^— tf3t:?r^^ 
•rSNd:YAGW— tf:^*5. U— tf^tMl 0 HCffll/^^C 
tiS^X^^ ly-^t bT> CCQflfi, Nd :YV04 »f -^Nd : 30 

mwi'i>mm!mmmmm-^m^. Nd.YAGu— if. n 

d:YV04 V— »f. Nd:YLF^-+)'>&fflV^5(D*«T?fe;5„ 
[0 0 5 8] U-^^mi 0 1 ttQX-fy^U-^lfTffe 

5, 0 1 8 a. b-ifT^s r 0 1 icmx ?>nsQX^ 
^-u--»f<o®iiis«fiK0T*fe§o Q7.-fy^u~mt. m 

5 1 i: = 5- 5 3 i: ©KfcEB^nfc U-1f JK® 5 5 « 

7. i^—^mms 5 i:5^-5 1 iKDmizmmtstitcQ 
x-(y^5 9t. .^m^^o u-+f«K5 5(Dtimm 

^tfNd:YAGTa5S„ 

[0 0 5 9] QX-Y>y^ 5 9 ijffl LTj^lif§coa^% 

]^ < LTcVimxmi&m 57*^ G-aeA:^:?: u~-^mn 5 
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^^^■&5o »f JfejiW^gU 1 0 2A^aoM^S 

T> U— ^f^teMMffllglJl 0 2*>e©M#SfcJ;D> ■ 
■tf^jgi 0 l*>5tHj*^n5^^;l/Xlx— if^feLcDiS*)® 

0 2 ii^mmi.mm^mo-m ^ -5 » d ii u jais^<D 
iSSStt. u— !finxail<DJ«f^#A^T®i^-r«^«:*iJ 
ffllgP 1 2 7 K^%ffli/^Ti^Ojib^Mia<D^ 

ts^xtst^c ttcxoik-^n^o &±iifiy—^^m 
[0 0 6 0] tfinx*. iniM^% 1 ^xtti:§(^-^Y 

r^Mmm^B^-r^o ^-ox. mxn. xiiii:)^iS){c5St 
mmi^^m^t^^. xiaixT— >*i 0 9<Di^wmm 
^mm?> c ^tc J: *f3t(D^^jS<otaj* 

{C5!t«®«%}^fig-rs^s Yflll7.x-S^l,l l©^t& 

aaf^iigisf 5 (1 i: K J: D . U-lf ^to^it^o . 
x-:>'(DgPi!jjiiS(03aii5{i7.x-v'©Jffligl5 1 1 .5 fc J; t) 

xmmt^±wmms^i 2 7»c^-:!p-Ki?>g'fflv>Tji 

t). /^^bJ^U— !f^©M3fei^i®*B)k*Wi^i6©5t«*ligi5 

[006 1] myjj^iUQXMm^ 1 osss tii3?-r 
^ais®*ri^t%5. i^T. ziiiiXT-i'i 1 

— tf m<D^^t^p^^t)-ar5 c t 1 5o ^ fc. c © 
«7ld^p<DX(Y)fili:5iRi<Di^i&»i. inxw^^^i 1 
7.7— 'J \ 0 9 (111) KJ:DX(Y)llli:j5[pifcg3|6$-i3: 
^z.t\ziiK>noo XQ0^^7—'J\ 09 (1 11) 

[0 0 6 2] »3tfflb>x 10 5\tm%^^<o--mx^ 
5„ zlHixx-i^i 1 3(iP-if5tcD^)t4^ijnxj*ii 

0 5^ziS:)Ji«ifci^»i^iJ:;5iii:{i:j;-pTt> i^-if^ 

<D*)tj^^iinX?*^1%I©F«5a5{C-^t)Hi-5 C t tl^Xt?>o 

[0063] u-ifipxSH 1 0 0 e.c, 1 

0 7 KWim-stircirnxMrnm 1 %Rr?s3tii{c j: o^ira•r 
5fc:l6{cor^^^5g^•r5m^ffl^fe2Sl 1 7i:, if-f 

^u^y^S.'y-l OSRXSm^muyXi 0 5t|B|C 

1 0 5 thmtc^-f ^ a-r -y i7 5 ^— 1 0 3.3b^@?n 
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if-^y(^Uy(y^^^~ 1 0 3SD*«3tfflV>Xl 0 5 
-yiS? 1 1 9. ^'<i'D^'>yi^57-.l 0 SRtf^Jt 

muyxi 0 5 i:i^c)i6$iii±»cfia®^nfcji^^^ i 2 10 
iRxfmmiyyxi 2 3^«i^;5o ffi^^^i 21th 

. Ttt0iJx.{fCCD(charge-coupled device)*;?^ v*^^5o 

^mmt. m^muyxi 05. ^'ft^D-ry^'Sv- 

1 0 3^ \£~l.7.yVy$'l 1 g^igjlU ig^bi^X 

1 2 3-e^^$tiT®®m?i 2 1 -ea^^n. s^x 
[0 0 6 5] u— »fiinxgBi 0 o«?^»c. tStmm^ 

1 2 1 A^e.to;t»^nfc:S«7*-^A^A:tl?n5}i^x- 

^mm^ 1 2 5 i:. b— tfinxsH 1 0 o^w^um-r 20 

5^(if:S!l^gP 1 2 7 €r^^r 1 2 9 ^B^^o Wt 
^mi 1 7T%4tfcarajte<D«gjiS*^a®3±H:^fc^i- 
LXX'r-iymm^ 115 i^ziftx-r-v? i i 3 ^W'Wi 
tC-rSo J:t>T^ JS^lx-^f^aSlgPl 2 5«:^— 

gpi 2 5«. Ji^x--^f;&S(cLTSffi3©ffi:^iiiB^ 

i5» 12 9K35e,nSo <:4atcJ:Dx ^--^ i 2 Qfcffi:*: 

[0 0 6 6] ±t^mM^ l 2 7{C{i> XT— v^SifflgPl 
1 5A^6(Dx-^> Ji^r-^'^aaeP 1 2 5*^6cd1I^ 

mmm^i o 2. m^^^ti^i 1 7Rzfxf—iymm^ 

i i 5^Umt?>CtlC^i!), b— tfiraXSB 10 0^ 

[0 0 6 71019 it^mmsi^ 1 2 .7 o-fifyoD-gp^)- . 

^^•r:^n>y>^0-e^5o ^#:^J^ai5l 2 7«^fltJ||S[ 

1 4 K -^IBIlgP 1 4 SROTll^iftftfigeP 1 4 5 
^So KBIiifi^aJ 1 4 IKtt. /VPXb-1f3t(iDi||t>jg 

U^S[ao::*:^$RtfXx-i? 10 9, 111 (omi^ 

[0 0 6 8] ffigftSl^gP 1 4 1 «±]^L/c^ (n=f/v . 
p= 1 /n) *|iJfflLTP»)^55feMX'1?-y 
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X— ^^^^-^ 1 2 9{CjM5o cnicjct), ^r:^l 2 

CO 0 6 9] Sfc. C:©ffil!lx~:J'ttll»f^figa5l 4 5 
fCfejM^n^o \f>*iBtigP l 4 3fc«^i6c:(Db— ifin 

XS«l?Jgl5)c$n555(HXJJ?>y hO^*^|Bli$nTV^ 
ja^f^fiKSSl 4 5tt, <l<OISIIx-^i:T}-i*|EMgP 
1 4 3t|Hti^nfc\mOx-:5^i:^S{cLT. cCD^ 

BKt*::i^r 1 2 9{Cj^5o cntci; ?), ^ErL^r i 2 9 {C 

[007 0] KfilM»g|Jl 4 Ittie (n=f/v, p=l/ 
n) %?lJfflLT5!f®XJ}<-y hH©ISII*}g»LTV^5*^ 

tXx-S^l 0 9. 1 1 1 <D^SijISi:3itaXiH<y >ra 

7—r)v<07'-^^mmfm^i 4 1 tcgBtt^-ss, « 

OjgL^i^|!(«D;»v^?Rt;Xx->^l 0 9, I I l(Df$ 
mm&o^'^l^tWUm.WS^i 4 1 {cA:^J?n5c:i;fc 

mmm.m^i 4 1 {i±ier-:/;i/(Dff*^6<:n6 

<D:*:t«0*fl:-ejgB8?tlSB5£ax*-y hfCfettSiSltg 

[0 0 7 1] *33. ^DjILSMS;t<0:^:t?^@^LX 

1 4 i{ci3V^T±MLfc^-^x-:'";l/^fflv>§cttj; 

t), estsx!i<<y hm<D^m'p^nmi^<omm^'e-'St 1 . 

2 9 ft^S'^s fc J6©5as^ff 5 o 

[0 0 7 2] &±<o ^ 5 tcm 1 9 tcm--kii^mmm 12 

(o^m^mMLxi^^o ii5o-&33jex.^<y hM(Dmii 

[0 073] 020 {±^f*:MfflIgP 1 2 7 ©fficD0l|®-gP 

iaSSJi 4 7;&fii^i5o b— *firaigB©aift#«+- 

;J?-K^»cJ:t)iaiSISJIl'»gPi 4 7tcl?l'3^5E&ax:j« 

C(DA*»cJ;t)^iS^®MficgI5i 4 7 f±±ia^-^x-:7;l/ 

it-rSo (l<D0IJ-e{iXT-S^cD^lfjilSli@^T*$5o 

ra?^issi»gp 1 4 7 imntEnrcy^-^^i^—^ytmm 
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[007 4] m2Hi^wmtmi z.7<oi£^ti:mom. . 

tl?>o <l(DA*{c J; 1 4 9 tt±IS!S-^X'- 

cO:^€$Ox-^«^::=.^ 1 2 9{ct>j^e.nx COXx 

[ 0 0 7 5 ] 0 2 2 tt^«:«tjlilg|5 1 2 7 6 iCf&Om 
O-gI5^J->&75-rrny^^0-pfeSo ^{^IftlffllglS 1 2 7»i 

ffl»^t3ii:iit»gi3 1 5 1 ^m^^o mz ORZfmz 1 (D 20 

^^^^^ ^Mii. m*)mLmm(R-cf7.7'-i^fi^mm 

5 1 tcA^J-rSo fe^^t)'^MSCg|5 15 1 «±fBiC^7^ 

-fjv^micLT. !i<Dmm(D±'^-^ tfi^Tzibom*) 

CO 0 7 6] m^^t>^m^ 1 5 1 ttsigt^nfcx- 
^^u-'^m^um^ 102 Rt;xx-s?sjffiigp 115 

icm^o \y—^ytmmmnii 0 ztmw-^nrm*)'ML 

mi&WL(0±^ 5 i: S J; 5 ic l^-lf i o i ^mmT 30 

So X-r-s;^®JfflIgR 1 1 5{i^g[^nfcX-r->'^ajjg 
a©3*:#?i:%SJ:-5fcxx-S^l 0 9. i i i^mSH 

[0 0 7 7] :^^{C. 01 7Rtf02 3%fflV^T. *^fifi 

[0 0 7 8] inxit^?^ 1 (DWmm^^m^L 

i/^StSo u-if3tL;&^4-r s V— ifT^M 1 0 1 
■rs (SI 0 1) o imTMrnsKom^^M^t 
5. w-^<omfsM^'BLXsixixnfm \ ommm^mzx. 
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3)0 <in{i> U-if)tLCD«3iej^p*%X5:*^!fe 1 <jpF«i 

l«0®Sa6fit?SSo c:(D^fi;&ife«:ieiiIg|Jl 2 7tA 

[0 0 7 9] iSQJinmi 1 ^W- »fiPXgK 1 0 0«D^ 

^Wft^^-^-^riaxMmai^mmt?, (sio 
5 ) . !lgW?ntc«Br?^5i' > 5 ^-^maTMrna 1 
®S®3^Si!iSS?i 2 1 teJ:DS»-r5o 

-^Jftia^x-^Ji^QSgPl 2 5»c3MP>n5o CtDS^x' 
-iSffcS^I/^T^^'r-^Magpl 2 5«li^ffl)tigl 

1 7 mwt(ommmm 3 tcfig-r 5 j: 3 
^f^sm-rs (SI 0 7) o 

[0 0 8 0] J:©^^x-;5?{iXx-2;^J^gi5l 1 5(C 
StLTZ$|ilXx-5^1 I 3:^zm:^ f^(O^W}^ -it (S 

1 0 9) o cntcfcOx s^ffl)KMi 1 7(o^mM<om 
^iimmsicisimt^o a«ix-^fflaaji 2 5 

tiJi^x-^' {cS-:?v^T. ^»r^^^-r > 5 ^^tfinx 
5*^% 1 o^ffi 3 «DJtf::^M^x-^i ^i^ic-r So <: <om 
imm7'~^it±m'm^i z i^iYvr^-^ 1 2 9 

[008 1] ^mm^ 1 2 7 t«^i6Xx-y 1 0 

5?*jffliaji 1 stic^^aax-^ffcs-rJv^T. tf 
)tL<D*)tj^p*^ijnxm?^ 1 <ortgi5i:*sfi[ei!:, ziptii 
xx-s^ 1 1 3 {c ct *>1saxmm 1 ^zftfi:^i^{c:^|l!^ 

(Sill), 

[0 0 8 2] 1 /<;l/X.(D/^;l/Xlx— »fT?jgfiK5n 
Sjgl!lMSX4?y hfcfettSli50^3}glltfflSX4?'y h 
raoffili. o*tifef>y^p©;^t?>&^S-rs (SI 1 

2) o e>y^ttipXMil^l©P^^**a^^#®L 
T^^StiSo t!'y^<D;^t^%02 2fCS^-r±#SI, 

iiasi 2 7f<:A*'rso 

[0 0 8 3] :^^C. ly—^^m 10 1 I^-if)tL^ 

^^^-B-T, l^-- tfm^inxj^^l^ 1 (omm 3 ®^»r 
^^^-Y:^5fcM«-r5o u-ifmo^^t^P«inxM 

^fei 1 ortaJKffigttivso-p. jSBwaaMiStttnx 

-OSfCjft^ Jr^tcxWXx— v'l OS^YlftXx-i^l 

Jft^Jj'^fciinxj^SBiortmtJ^fiS-rs (SI 1 

3) o *bT, iDX«|^^^l*^if^^V'r>5K:}»t> 

TfttfSiiii»cJ;0. inlW^I^ 1 ^^K-rs (SI 1 
5) o cntcJ;0. iPXM^#ii*i"Jay^>yytc^. 
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5 c i: ck D . lt$5W/J^^ -einix>t*^1^ i ^^fr-f . 

[0 0 8 5] $fc. **fi!5j^^.fz:j;n{f. mxnm^i 
tc^^?M^Sc^-a-5^fl^T'*>oinx$t^^ i tort 

xMiii% 1 ^mm Ls. liaxtim^ i (om^ 3 20 

[0 0 8 6] lJU:IKB^trccl:dK*IISfi}^Sfci:njf> 

'^m^win'pmmii'^^ c. « c i: < . Anxm^i 1 

^nfc^ig® ^fijn-^}gif!*^*fe c 5 c i: * < . 
mm^'i^-yiiim^^nx^^^^iaxM^^^.. es^? 

d icmmicm'f'f^U7.iiW^-^nxi>?>isaxM^mc 
•o\,^x'^mmx^^o ^^x. *^fifi}gsitcj:n{f. in 

[0 0 8 7] $fc. *llfifi}g«|{cj;n{f. inxJt^fSii 

<DaS3(D^»f'?^5'l'>'5{iSi(!L:^l/>cD-e. ^»f^ 
m^^y5(0^ (CI eHx.tf^^^C'J'x/xcD^ 

[0 0 8 8] $fcv 3|ciia5j^ffitcj:n{f. isaxmm \ 

(oymt!ax\z\y—^%^m^^^(OX^ 
M^tf, 02 4 (c^-r J: ^ (c^»f^^^-r y 5 
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[0 0 8 9] $fc. *IISSJ^®fcJ:nif. >'^;l/XU-if 
0 9, YliliXf— i^i 1 i<D^SijSfiO:^*S©iigpli: 

^§iii:(cJ:»?. BW^^:^t^l:fci^X*^^ri6i:;S:5„ 
[00 9 0] 

[|^B^©^6«] 2fs:^B^lc^§ tfinxSBtc Jcnff . 

ftnxMiftl^©ajSfi:j§i!!-^»f?^^-< e.^nfciij 
tijb^^CSc:i::^<, Isaxnma^^t^^tt^x^ 
J:oT. inx^^1%^^»i-r5c:fcli:<fc»3{tSj*n 

[00 9 1] *%0^tc^;5b— 9'iPXSEtCj;nff. 

xm«9©fflliAf>jp^?^{ciS liT c ©Kfi^^^s c: i; 

{cit). finxj*^!|%{cfSCfc^»finx*^^i:^s, 
[0 0 9 2] *^H^»c«^§ u— y'inxgHfc j;n(f. • 

[0093] :mmK^^ l^— IfiflJ^BtC Jctltf, 191 

30 [01] :^mimmicm^ u-^^lsaxic ^-ox u— if in 

xf^<ojjaxMm3<o¥mmx^?>o 
[02] mucm-iiaxmmoyu-mtc^rjrzmm 
0'p$«„ 

[03]' *^fifi}^^fc^5 U'— ifinxtc J: 5 u— ifinx 

[04] m3ic^t}jaxM^^(Dn-vimicm-orc}im 

0T3&5o 

[0 5 ] 0 3 1 a^-r inxjt*ii?^iflDv- viiifcjfj o fdmm 

40 [06] ^llfifiSftltu^S Ix— »fipx(c T^EIr^n 

:rcinx^*^fe©¥® 0i?fe s. 
[0 7 ] **SSJ^SIf!:^5 1^— »finXKH3it SSIISSlSf 

[0 8] *ll«!iJgffilc«5 U— lfiqX0^ 1 XSlci5tt 
Sinx^^!Kito»T®0-e^-5o 

[0 9 ] :^mmmmm^ i^-tfipx©^ 2 xmtc^^^ 

^iMxnm!a(Dmm^x^^. 

[010] *^Jg}g^.{C«^Sl^-ifiPX©^3Xe{C*5 • 

■5inx^t^ti®Wffi0-pS So 
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[0 1 4 ] *^fi6iJgSlK:^^.5 1^— tf inxic J; D ^ 5 . 

[015] *llfifi}g»lfC^5V— >finifcj;t)d^^-y^ 

gP^©m20!l©JF®0T-^§o 
[01 63 *^S6imS8^^:fi55^— 9'iiqifc:J;»3^7-y^' 

gp^i-©^ 3 0!l<O¥ffi0T'a&5o 
[01 7] *^fifiJ^St^^^— yiiDXSaoiiBS^Bg 
0-p36«o 

[01 8] *^fi(BgSIC^SIx-1fitoXSHc!)U-1f)fc 

[01 9] ^m^mtcmiy-'^isaxmm(o±mm 
[02 0] :$:mmmmicm^iy—^ixiJMmo>kmm 



10 



20 



gPCffioeilcO-gp^^S^Trp -y ^0T'^5o 

[02 1] :$:mmmmicmu-'>ftuxmm<D^m^ 
[02 2] ^mmwiicm^iy~'^tiaxkm<o±{^mm 

[02 3] *IISgJg^fC^SU'— •fiqx*giH^'r5fcJ6 

[02 4] ^^fiiSJg^fc^S^— IfiOXtiO^SrRrtg 
*/^^f-^/:&ittWr5fc«6<DiDX5^^ia<DiFSB0Ta5 

1 • • • inixit^ti. 3 • • • ^ffi. 5 • • • ^Br?$ 

^-rx 7 • • •5JC»M^^^ 9 • • • ^7-yi'^iS. 1 '■. 



1 . . . $/U3:y^'x-'\ 1 3 • • 
0 . . . i^7«y^Xii?-y 1 0 0 • • • U— tfiiDX^ 
1 0 1 • • • U— if^jg. 1 0 5 • • • 

X. 1 0 9 • • • m7.7—i/. 1 1 1 • • - mxf— 

i^. 1 1 3 • • -Zfax-r-i^. 1 4 1 • • 'mmWM 

gp. 1 4 3 • • • xmiBitaj. 1 4 5 • • • mmm 

1 4 7 • • • m^mmw^. 1 4 s • • • mmm 
sik 1 5 1 • • • m^-^t>^mn§ii. p • • • ? 
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